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INTRODUCriON 
Definition of Drying 
In general, the term drying is loosely used to describe a 
process of liquid or vapor removal from aollds, liquids, or 
gases. Consequently, the term drying is often so misapplied 
that the true significance of drying is confused. A rigorous 
definition of drying would exclude many of the "so-called " 
industrial drying applications. 
Drying, then, is uniquely defined as the partial or com­
plete removal of evaporable liquids from a mixture of the 
liquid Xi/ith the solids, other liquids, or gases; by thermal 
means. The inclusion of the restriction, "by thermal means," 
separates true drying from a mechanical separation of liquids 
from a mixture of the liquid v/lth solids, other liquids, or 
gases. Yet it is still difficult to distinguish between dry­
ing and evaporation or distillation. In fact, there is only 
a hair line difference between them, and it appears tiiat the 
difference is based merely on the nature of the equipment used 
In each process. 
A striking example of the mlJuse of the term drying is 
Illustrated In the industrial reference to the drying of paints 
and varnishes. Paints and varnishes (In accordance with the 
definition of drying) are not dried at all, but are hardened 
or fixed by the evaporation of their volatile solvents and by 
the oxidation of their "so-called" drying oil, usually linseed. 
Mechanioal methods of liquid separation previously re­
ferred to may be classified as: settling, decantatlon, 
filtration, centrifuglng, and pressing or squeezing. 
Another common process of liquid removal is that of ab­
sorption. Absorption can be considered as a bulk process. 
If one material absorbs another, the latter permeates or 
occupies fully the entire bulk of the former. A clear example 
of this process is the removal of moisture from a material by 
0a0l2 in a desiccator. 
A recently developed method of water removal utilizes the 
principle of solid sublimation. The material is frozen, and 
the water removed from it by the sublimation of ice at ex~ 
tremely low pressures. 
Fundamentally, drying involves a process of adding heat 
to a material in order to vaporize liquid that it holds in 
chemical or mechanical bond. This heat is furnished by one of 
the following means: radiant energy heating (infra-red), high 
frequency induction, and exposure to heated and conditioned air. 
Heat transfer is accomplished by the simultaneous mechanism of 
radiation, convection, and conduction. Drying v;ith conditioned 
air is virtually the only method employed in large scale com­
mercial applications. This method has proved to be the most 
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efflolent and economloal process for drying in unit operations. 
Infra-red and Induotion drying v,?orlc has almost entirely been 
limited to single kernel or shallov; layer depths. In addition, 
these processes also exhibit a surface or case hardening effect 
vmich cannot be tolerated in the majority of the commercial 
ap-Dlications. 
Importance of Drying as a Unit Operation 
Drying is practiced in a v;ide variety of industries for a 
number of different reasons, such as; 
1. To prepare a material for process of manufacture 
which requires conditions obtained only v;hen the 
material is free of all or part of its moisture. 
2. To remove moisture added in previous manufactur­
ing operations. 
3- To lessen storage, packing, or transportation 
costs by removing the unnecessary constituent, 
water. 
4. To preserve material from physical or chemical 
changes induced or supported by the presence of 
excess moisture. 
5. To bring the product to the standard commercial 
regain or moisture content upon vrhioh basis it is 
bought or sold. 
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6, To bring mterials to standard moisture contents, 
necessary when accurate quantities are to be weighed 
or measured or v.-hen materials are to be mixed or 
packed, since it is very difficult, if not impos­
sible, to mix moist or damp materials uniformly, 
or to handle such materials automatically, or 
expeditiously by hand. 
It ia readily seen that drying processes influence both 
product quality and value. 
In the overall manufacturing operations, the relation of 
drying time to the operations schedule has a great bearing on 
the manufacturing costs. In addition, to accomplish adequate 
drying, a considerable equipment investment is required, since 
careful and accurate control of the conditions of temperature, 
humidity, air quantity, and time are required. Finally, since 
the drying operation is almost always near the end of the 
product processing an incorrect drying procedure can ruin the 
product, and the cost of all previous processing is a total 
loss. 
Theories of Drying 
A general theory of drying has been established for many 
substances, and well confirmed with experimental work. How­
ever, for many other substances several theories have been 
proposed, and experimental confirmation Is not complete. 
In many oases little or no work haa "been done to eatabllsh an 
explanation for the raeolianlara of the drying process. The ex­
tremely complex geometric structure of many mterlala presents 
a difficult problera in matheaatical treatment. Perhaps a 
reasonable first approach would be to group materials of a 
similar structure. It is likely that substances with a similar 
structure v/ill have similar drying characteristics. A clasalfi-
cation of solid materials according to their structure is given 
in Figure 1. 
Solids 
Hygroacopic Non Hypfrrosoooic 
Fibrous Non Fibrous 
Organic Inorganic Organic Inorganic 
Fl^re 1 
Structural ClassifIcation of Solids 
This thought cannot be developed as yet because there has 
not been enough research work done to enable any conclusive 
correlation. There ia evidence, though, that certain groups 
of substances exhibit the same drying tendencies. For example, 
agricultural products (barley, corn, soybeans, rice) seem to 
behave in essentially the same manner during drying, while 
cloth, brick dry, and wood are similar, and v/ork done indicates 
a drying similarity between sand, glass beads, coal, and lead 
shot. Six general theories on the mechanism of liquid flow 
in the drying of solids have been proposed; these are; 
1. Diffusion 
2. Capillary flow 
3. G-ravity 
4. External pressure 
5. Oonveotlon 
6. A sequence of vaporization condensa­
tion phenomena induced by a temperature 
difference 
These theories v^ill be discussed in detaJ.1. 
Drying schedule 
A convenient method of presenting the results of a drying 
experiment Is to plot the moisture content against time. 
Moisture content is often referred to as the percent moisture, 
or as a concentration. Moisture concentration (C) is defined 
as the mass of v;ater present in a unit mass of dry solid. Thus, 
it 1^ seen that C is dlmenslonless according to the definition. 
The concentration is also often defined as the mass of water 
present per unit volume of dry solid, v/ith corresponding 
dimensions of M/L^. 
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An Illustration of a typical drying schedule is shovm 
in Fif^re 2, while another possible schedule ia presented in 
Figure 3. 
The first stage of drying, called - the warm up period, is 
an initial adjustment period, in which the material being 
dried is brought to the equilibrium temperature it assumea 
trrith the drying medium. 
In the constant rate period the drying surface is com­
pletely wetted, and moisture is evaporated at a uniform and 
constant rate. Durinf^ the constant rate drying, moisture is 
removed at the maximum rate during the process. 
A falling rate period occurs next, while the drying rate 
gradually decreases. This decrease involves a linear or more 
complex function of falling off with time. During the falling 
rate period portions of the drying surface are ^ry, hence the 
drying rate is dependent upon the nature of moisture movement 
from within the material to the surface. 
Critical moisture content is defined as the concentration 
at v;hich the transition from the constant rate to a falling rate 
period occurs. 
Equilibrium moisture content is the lovrest moisture content 
to which a material may be dried with a given condition of air 
temperature and humidity. For a material gaining moisture, 
the equilibrium moisture content is the highest moisture con­
tent obtainable for a given air temperature and humidity. 
-8-
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-9-
All materials exhibit a drying schedule similar to the 
general case discussed, or follow a portion of the general 
case. Some materials dry vrith several falling rate periods, 
or the schedule may have a marked discontinuity as illustrated 
In Figure 3. In this case, the discontinuity could be caused 
"by a surface cracking, thus Increasing the surface area and 
consequently the rate of drying. 
Constant rate period 
3herv;ood and Comings (l) have shown that durlnj^ the 
constant rate period the rate of drying is practically equiv­
alent to the rate of evaporation from a free v/ater surface. 
Thus, It is reasonable to assume that the constant rate drying 
Is Influenced by the same factors that affect the evaporation 
of v/ater from a free v/ater surface. These factors are the air 
velocity, temperature, and humidity. In fact, Shervood (2) 
presents the following expression for the evaporation of water 
during the constant rate period (for the velocity ranf!:e 300 to 
1400 fpm): 
0.0083 T°-®(Pa - Pa) 
X'/here 
= Evaporation rate (Ib/sq ft hr) 
7 = Air stream velocity parallel to wet surface (fpm) 
Pg a Vapor pressure of water at liquid surfd.oe 
temperature (atm) 
= Partial pressure of water In the air (atra) 
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The air stream serves a twofold purpose in drying, pro­
viding & carrying medium in molnture removal, and in furnishing 
e source of heat to evai^orate v/ater from the surface. Thus, 
it can be seen that the constant rate drying is easentir»lly a 
heat and mass transfer problem. The rate of dryinp,' vill in­
crease as the rate of heat transmission increases, and as the 
rate of vapor removal is increased. 
Transfer of heat from air to a solid is by convection, 
conduction, and radiation. Conduction ia the predominating 
mechanism. Oonvection occurs in the moving air stream, vhile 
conduction is through a stagnant viscous film of air at the 
solid-air interface. The principal resistance to the flow of 
heat is due to this film. The rate of heat transfer is in­
versely proportional to the film thiokness, so any factor that 
tends to increase the film thickness, decreases the flow of 
heat throu{^ the film. The heat flov; may be expressed as; 
<4 = he A(T^ - T3) (a) 
v/here 
Q, = Heat flov/ (Btu/hr) 
ho = Film coefficient (Btu/hr sq ft 
Tg = Air temperature (®F) 
Tg = Solid surface temperature {°F) 
A s Cross sectional area (sq ft) 
So it can readily be seen that any increase in air velocity 
will decrease the film thickness and increase h^. 
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The problem of mass transfer to the air is quite analogoua 
to the heat flov; fiituatlon. Here prohlens of resistance to 
mass transfer are met, and most of the resistance occurs in 
some film. The mechanism by which water vapor passes through 
the film is diffusion. The time required for mass transfer 
varies as the square of the film thicJcness. Again, an increase 
in air velocity v;ill decrease the film thickness and increase 
the rate of mass transfer. 
An examination of equation (2) reveals that an increase 
in the air temperature (T^) "will increase the heat transfer. 
However, in most cases the upper air temperature limit is fixed 
by the physical conditions of the drying problem. For example, 
too high a temperature may cause case hardening of the material. 
In drying corn, it is believed that temperatures in excess of 
165®F v/ill influence the ease in milling of the product. 
Humidity of the air stream affects the mass transfer, 
since it alters the potential or driving force in the mass trans­
fer. The potential causing a transfer of vapors is the dif­
ference in vapor pressure of the material flowing throup;h a 
film. That is, the partial pressure of the vmter in the air 
contacting the drying surface and the vapor pressure of the 
surface water (corresponding to the surface temperature). Flow 
v;ill occur from the higher vapor pressure to the lower vapor 
pressure. The moisture concentration in the air (a, measure of 
the humidity) and barometric pressure determine the partial 
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pressure of the water In the air. It will be shovm in the sec­
tion on psychrometric relations that the partial pressure of 
v/ater in air is: 
where 
= Partial pressure of water in air 
P = Barometric pressure 
n,, s= Moles of water in the air 
n^ = Moles of dry air 
Thus, any increase in the water concentration in air increases 
the partial pressure of water in the air. Marshall (3) pre­
sents the following equation for the rate of moisture trans­
ferred throu^ a surface film: 
^ = K A (Pg - Py) (3) 
where 
dW 
^= Rate of mass transfer (It/hr) 
K = Mass transfer coefficient (l/hr) 
A = Cross sectional area perpendicular to the 
direction of flow (sq ft) 
Pg =: Vapor pressure of water at surface 
temperature (paf) 
Py as Partial pressure of water in air (psf) 
In order for drying to occur, the partial pressure of 
water in the air must be lower than the vapor pressure of 
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water on the solid surface. Thus, the rate of drying increases 
as the water vapor concentration in the air is decreased. 
Radiation heat transfer also is present during drying, 
v/ith the effect of raising the material temperature above a 
theoretically predicted value. During the constant rate period, 
the surface in the absence of radiation assumes a temperature 
equal to the vet bulb temperature of the air. Hov/ever, if the 
surface receives radiant energy it will assume a temperature 
above the wet bulb temperature. Another effect is the heat 
conducted through metal containing v?,lls, v.'hich tends to in­
crease the drying rate. Marshall (3) suggests the follov/iiig 
equation for the duration of the constant rate period: 
where 
©0 = Constant rate period time 
V = Mass of v;ater removed 
^fffs ~ heat of vaporization of water 
® at the surface temperature 
hy ss Radiation heat transmission coefficient 
T' = Radiating source temperature 
and the remaining terras defined as in equation (2). 
Falling rate period 
Newman (^) states that the falling rate period commences 
Z|nW 
When the water film covering the mioroaooplo surface particles 
becomes so thin that further drying will rupture it, leaving 
small dry areas - therefore decreasing the wetted area and 
consequently decreasing the rate of drying. Then the rate of 
drying will be influenced by the surface condition and the 
mechanism of moisture movement from within the material to the 
surface. At any instant the rate of drying is a function of 
the relation of the surface and drying medium. Thus, the 
falling rate period is an unsteady state condition related to 
the nature of material being dried, its geometry, as vrell as 
the air temperature, humidity, and to a lesser extent the ve­
locity. As previously mentioned, there are several theories 
concerning the moisture flow during this period, and each v;ill 
be discussed in detail. 
Diffusion 
Diffusion consists in a redistribution of molecules within 
a single phase, brought about by molecular motion of translation 
and mutual bombardment. The diffusion process may be readily 
visualized by the phenomenon of one gas diffusing into another 
to form a single gas mixture. The diffusion of a liquid fol­
lows Fick's lav;: 
(5) 
where 
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P =s Rate of permeation 
K = Diffusion constant 
A = Gross sectional area 
3 C 
= Concentration gradient 
Then it can be shown tliat: 
•5^" = ° 
^x2 ' az« 
( 6 )  
where D = diffusivity of material (L /T) 
I... 
Moisture flov/^. by diffusion may then be found by integrating 
equation (6) v/ith suitable boundary conditions. Sherv/ood (5) 
and Nevmian (6) present solutions for this equation in the 
drying of slabs, cylinders, and spheres. 
However, in order that moisture be transferred in a solid 
by true diffusion the folloxiring conditions must be met: 
(a) The diffusivity D for the material must be 
constant 
(b) The material must be isotropic and homogeneous 
(c) Drying must be accomplished without shrinkage 
Hougen and McOauley (7) point out that the mechanism of diffusion 
is restricted to equilibrium moisture contents below the point 
of atmospheric saturation, and to single phase solid systems In 
which the water and solid are mutually soluble. In the same 
article Hougen and MoCauley shovr that diffusion occurs in the 
drying of soaps, glues, gelatins, and pastes, as well as In the 
last stages of drying clays, starches, flour, textiles, paper 
and V700d. It is further suggested in this article that the 
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dlffuQlon equation may be modified v;lth a variable dlffuslvlty 
(D). The dlffuslvlty may be a function of moisture concentra­
tion, te.'.'iperature, pressure, and density. 
Smith (8) has presented evidence of diffusion controlling 
the drying of seed corn. 
Capillary flow 
Capillarity is the flow of a liquid through interstices 
and over the surface of a solid due to molecular attraction 
between the liquid and the solid. When a force acts between 
the molecules of a solid and liquid to produce wetting, it is 
called adhesion tension. The unbalanced force of attraction of 
the molecules of a liquid at its surface in contact with a 
vapor or gas is called surface tension. Surface wetting may be 
caused by adhesion tension, v.'hile surface tension causes the 
liquid subsequently to flow In reducing its Interfaclal area 
V7lth the gas or vapor v;lth which it is in contact. A porous 
body which exhibits the property of capillarity is said to be 
in a capillary state v/hen it is saturated with water. An example 
of capillary flow, or capillary suction, is the mechanism of 
the rise of kerosene in a v;ick. Capillary suction requires 
small pores, and a surface wetted vlth liquid. The moisture 
movement is due to surface tension of the liquid, and may be 
measured with a capillary tube according to: 
(7) 
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where 
^ s Oaplllary suction 
r = Radius of tube 
h = Height of tube 
^ s Density of liquid 
g = Q-ravitational constant 
In the moisture movement during drying, the material may be 
viewed as containing a bundle of capillary tubes. The rate 
of drying is dependent upon the size of the pores or inter­
stices and their distribution vjithln the material, 
gravity 
In this theory, the force of gravity tends to pull water 
to the bottom of a solid. Gravity acts only vertically. In 
contrast, diffusion acts in the dlrectlor of decreasing con­
centration, and capillary flow is dependent upon the size and 
distribution of the interstlclal pores. 
Convection 
This is & movement of moisture induced by convection which 
occurs vrlthln a solid because of a temperature gradient. This 
process is called the Soret effect and is often termed thermo-
diffusion. Flow is in the direction of decreasing temperature. 
Porous flow theory 
Marsliall ( 3 ) proposes a porous flow theory in which 
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moisture flow is attributed to the oombined effect of capillary 
suction, external pressure, and gravity. It is assumed that 
the rate of flow at any point is proportional to the moisture 
density gradient. Accordingly: 
where v = water concentration (mass water/mass D3). 
Vaporization condensation theory 
In this theory, temperature differences are believed to 
cause vapor pressure gradients within a solid, which results 
in evaporation of the liquid and its subsequent condensation 
on a colder surface. Hence, when a wet solid is heated at its 
bottom surface and dry air is circulated over the top, vaporiza­
tion may occur at the bottom where the temperature is the 
highest, and the vapor diffusing upward may be repeatedly 
condensed and vaporized before finally escaping as vapor into 
the air.„ If heated to the boiling point, the entire column of 
liquid may be moved upward. 
( 8 )  
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PSYCHROMETRIC RELATIONS 
Psychrometry la the study of the behavior of dry air -
water vapor mixtures. 
In air drying, the air stream provides the heat necessary 
for evaporation and serves as a vehicle to carry away the 
moisture evaporated. The properties of the air stream are, 
therefore, of principal importance in dryinfij applications, and 
it ia desirable to review briefly the various terms and quan­
tities used in air condltionlnf^ calculations. 
Perfect Mixtures 
The relationships betv/een the properties of the com­
ponents of a mixture of gases and vapors and the total mixture 
properties are based upon the Gibbs-Dalton I.aw. Two prin­
ciples deduced from the law are stated as: 
(a) The total pressure of a gaseous mixture is equal to 
the sum of the pressures that each component gas v/ould assume 
individually at the temperature of the mixture and total 
volume of the mixture. 
(b) The total enthalpy of a gaseous mixture is equal to 
the sum of the enthalpies of each component gas individually 
at the temperature of the mixture and total volume of the 
mixture. 
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Although these prinolplea have been long regarded as 
fundamental, exT>erienoe Indicates that they are not strictly 
true for all mixtures of gases and vapors. It is apparent 
that a mixture of gases can obey these principles only if the 
Kaflea are mixed with no acoompanylnpr heat effect, and the 
resultant mixture has no intermolecular activity. Mixtures of 
gaaes and vapors that strictly obey the (Jibbs-Dalton principles 
are called perfect mixtures. 
Experience has shown that actual gas mixtures behave 
quite closely to perfect mixture behavior at ordinary atmos­
pheric pressures. It should be noted that a mixture of gases 
and vapors need not follow perfect gas behavior to be a perfect 
mixture, and in general, gases will behave as a perfect mixture 
through a vrlder range of conditions than the gases v^ill behave 
as a perfect gas. Therefore, assuming perfect mixture behavior 
is less restrictive than assuming perfect gas behavior. 
Moist air is essentially a perfect mixture of dry air and 
water vapor. In addition, dry air at normal atmospheric pres­
sure may be assumed a perfect gas, while water vat>or acts as a 
perfect gas at very lovr pressures. 
Partial pressures 
The partial pressure of a component gas in a mixture of 
gases is defined as the pressure that the gas would exert alone 
vriien occupying the volume of the mixture at the temperature of 
the mixture. Then, for perfect mixtures, the total pressure of 
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a gaseous mixture equals the sum of the partial pressures of Its 
component gases. 
Considering moist air as a mixture of dry air and water 
vapor, the following characteristic equations follow from the 
definitions of the perfect gas and perfect mixture: 
p = 
" = "a + "V 
P„T = 
Pw 
P ® n 
Pa Ik 
P n 
Where 
P = Barometric pressure 
s Partial pressure of dry air 
Pv = Partial pressure of water vapor 
n a Moles of moist air 
n^ ss Moles of dry air 
n,^ = Moles of water vapor 
V =s Volume of moist air 
T = Absolute temperature of moist air 
R = &as constant (15^5 ft lb/mole ®F) 
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Humldity 
Humidity io a general tern used to express the water vapor 
concentration in a quantity of dry air or wet mixture. Specific 
humidity (W> is defined as the pounds of i-rater present per 
pound of dry air, thus: 
W = & (9) 
"a 
Dew point 
The de^vir point of a mixture is the temperature at which 
water vapor begins to condense when the mixture is cooled at 
constant pressure. Thus, the dew point of a mixture is the 
saturation temperature corresponding to the partial pressure 
of the water vapor in the mixture. Air at the dev/ point 
temperature is said to be saturated. 
Adiabatlo saturation 
An expression for the specific humidity of moist air is 
derived from an energy balance for the adiabatic saturation of 
the air. Consider air flowing over an exposed liquid surface 
in 6. completely insulated duct, as illustrated in Figure 4. 
Air at temperature Tx comes in contact v;ith a surface of liquid 
water at a lower temperature Tg with a corresponding vapor pres­
sure of Pg, sufficient water vapor is evaporated adiabatioal-
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ly from the liquid surface so that the air mixture leaves 
saturated at temperature Tg. It la apparent from a material 
balance of the process that the x/eight of v/ater evaporated is 
equal to M^(¥g -
\0J 
' 
Ts 
\(i) 
I 
• f M / 
Si-
I (Z) 
//1\\ I 
/V4MI J 
0)  
f ^  
7 /  
1 
(^ ) 
According to the steady flox/ energy balance of the process 
Wl * W\l + «a(«l-«8)'V8 =• "a^ae + WKz 
and 
^al - ^ as = - 0.241(T3^-Ta) 
IXjjj, - hg at = ^gl (neglecting any change of 
enthalpy vrith pressure at Tj,) 
^2 ~ ^g ~ ^gs 
Kb = ^f a 
^2 ** ^s ~ ^ gs ~ ^fs ^fgs ^8^ 
so 
Wn ss ^fga *" (0*2^1) C^^i'^fl) ^Qj 
^gl ~ ^f8 
Here, is the specific humidity of the entrant air at 
while Wg is the specific humidity of air saturated at Tg, 
called the adiabatlc wet bulb temperature. 
According to the partial properties of a mixture: 
£w 'Hf 
Pa ' na 
(nu)(l8) nw 
" - (na)<2$) " ^ 
Thus: 
Wg = 0.622 1 .—IS—) (11) 
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V/et and dry bulb temperatures 
The most common method of determining direct psychrometric 
quantities employs a peychrometer or v/et and dry bulb ther­
mometer. This instrument comprises two thermometers, one of 
v/hich has its bulb covered with a moistened wick. When the 
psychrometer is brought into contact v;ith a moving: stream of 
v;et mixture, the dry bulb indicates the mixture temperature, 
called the dry bulb temperature. The vret bulb thermometer 
indicates the temperature of the liquid surface of the wick, 
called the wet bulb temperature. 
It has been shown that for air-water vapor mixtures, the 
psychrometer is entirely analogous to the adiabatic saturation 
apparatus discussed. Accordingly, the dry bulb temperature is 
analogous to and the wet bulb temperature is virtually the 
same as the adiabatic wet bulb temperature, Tg. Thus, the 
specific humidity of air may be determined with the use of 
the psychrometer and the application of equation (10), sub­
stituting the dry bulb temperature for and the wet bulb 
temperature for Tg, with as the barometric pressure and 
the other values taken from the steam tables. 
The wet bulb temperature equals the dry bulb temperature 
and the devr point in a saturated mixture. 
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The Psyohrometrio Chart 
It has been shovm that the specific humidity is a 
function of the barometric pressure P, dry bulb temperature 
Tl, vret bulb temperature Tg, and steam table properties. The 
psychrometric chart is a graphical representation of the 
adiabatio saturation equation (10) v/ith specific humidity -
enthalpy coordinates, V/ Is plotted against wet and dry bulb 
temperatures at standard pressure. Obviously, the use of the 
chart is limited in use to cases of only standard pressure. 
Barometric pressure correction for standard Toressure 
:)8ydhrometrio chart 
It is possible to evolve a pressure correction factor to 
apply to a specific humidity taken from a standard pressure 
chart. Considering as the humidity of air at T-j^ and Tg]^, and 
P]_ = standard pressure (29.92 in. Hg>, and Wg the humidity for 
air at the same wet and dry bulb temperature but P2 Pi* Then, 
let - ^ 2 = y, where If la, in fact, the difference between 
the specific humidity of air at a given condition of temperature 
and pressure and the specific humidity for the given temperature 
taken from a standard pressure psychrometric chart. Since: 
Jigl - lifsl 
0.622 (pp „ p lifgs2 - O.Zkl (T2 - Tgg) 
W2 2 SZ'  ^  
-27-
and; 
Ti == Tg 
Tfll = Ts2 
^fBl = ^ feZ 
^fgsl = ^ fgs2 
^Sl = ^ 82 
Pi = 29.92 in. Hg ^  ?2 
it follows that: 
0.622i 
Bl 
Y = ilk'" 
V - ^  
- P.J ~ - tJl '^fgsl Jl 
fsl 
or: 
Y = 
P2 - Pi \ /0.g22 PsiV hf^ai 
1^2 •" ^81/ 1^1 'Pal 
Now, let Z, to be called a pressure correction factor, "be 
defined as the dimensionless term: 
0.622 Pgl^ z = pT  ^el 
or in general; 
(0.6Z2 P.U hfgg \ 
' V P - Pa /Ug - t^tsl (12) 
Where P is standard pressure and the subscript s refers to vapor 
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pressures and enthalpies at the wet "bulb temperature, while 
hg l8 the enthalpy of water vapor at the dry bulb temperature. 
Nov: 
An examination of the equation for Z reveals that the quantity 
wet bulb temperature, since only hg varies with the dry bulb 
temperature. However, in the normal psychrometric range the 
variation of hg is a negligible amount compared to the magnitude 
of hfgg* Therefore, Z is plotted in Figure 5 &a & function of 
the wet bulb temperature. A table of values for Z over a v/ider 
range of temperatures la included in the Appendix as Table 1. 
and: 
W2 « - y 
So: 
(13) 
(0.622 - p ) depends entirely upon the wet bulb temperature, 
and the quantity (r—^-r—) is virtually constant for a given 
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/v'^r 7c/^/'£ye'9r!yi^'^ - 7s C''/=^J 
y^/(f£/^£ 
/^jC/^yT/a/^  /^^j£S£e^^ Cty/S^^-CT-Zi^/V y^/^cT-oy^ 
/r^'/'rV 
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THEORETICAL DEVELOPMENT 
The purpose of this Investigation is to derive an equation 
defining the mechanism for the drying of organic granular solids. 
Experimental phases of the investigation are confined to the 
drylnp; of soybeans and shelled corn. The problem may be attacked 
either from the standpoint of dimensional analysis or a solution 
of the basic differential equation based on pertinent assump­
tions. Both of these methods will be used in this study. A 
complete solution will be made for the soybeans, and the sim­
ilarity in drying of corn and soybeans will be studied. 
Dimensional Analysis 
The general factors involved in drying are the geometry 
and physical properties of the material, and the properties of 
the drying medltim. Since this thesis will be concerned with 
the air drying of solids, the properties of the air supplied 
are pertinent. 
Spherical symmetry is assumed for the soybean, hence its 
geometry may be described by the radius of the bean. A corn 
kernel is approximately a slab with the shape of a segment of 
a circle, hence for this study the geometry of the corn la 
described by considering the corn to have an equivalent radius. 
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The equivalent radius of the oorn is defined as the radius of a 
sphere having a surface area equivalent to the surface area of 
the corn kernel. 
The property of the material that has a bearing on the 
drying oharacterlBtlcs of the substance is Its dlffuslvlty, 
since dlffuslvlty is an index of the moisture transfer and 
storage properties of a substance. 
The properties of the air controlling moisture pick-up are 
assumed to be temperature, humidity and velocity. Humidity may 
be accounted for by considering the partial pressure of the 
water in the air. Partial pressure of water in air corresponds 
to the dew point temperature of the air. The air temperature 
influences the temperature of the water evaporated from the 
surface of the material. Initially, with the bean saturated, 
the surface water temperature will approximate the v/et bulb 
temperature of the air. Thus, the surface water toiaperature 
will vary between the wet and dry bulb temperatures of the air 
during the course of the drying. Novr, the driving force In 
the moisture removal is the difference in vapor pressure between 
the vrater In the air and the surface moisture. Vapor pressures 
of water at the surface will vary as the temperature changes. 
Therefore, the vapor pressure of the surface.water will be 
assumed to be the mean of the pressures corresponding to the 
dry and wet bulb temperatures of the air. This mean vapor 
pressure of the surface water v/111 be identified as Pgmj and 
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the partial pressure of water In the air as P^. The driving 
force In the moisture removal then Is dependent upon Pg^j - P^. 
Barometric pressure (P) will also be considered as a variable. 
However, the barometric pressure la not an Independent quantity, 
since it is related to the partial pressure of the water in the 
air by the expression: 
Next, the variables are enumerated and their dimensions 
determined. The following list of quantities are assumed to have 
a bearing on the drying of the corn and soybeans v;ith air; 
Variable Symbol Olmenslo] 
Average moisture concentration Ca — 
Time t T ' 
Partial pressure of water in air Pw F/L2 
Mean vapor pressure of surface water Pflm 
CM 
Barometric pressure P F/L2 
Dlffusivlty of material D LVT 
Air velocity V L/T 
Radius of soybean R L 
Equivalent radius of corn Re L 
Factor for corn P — 
The corn F factor is a term that relates the corn drying 
properties to those of the soybeans. Thus, the F factor in­
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volves "both the shape and composition of the corn kernel. 
For the soybeans, there are 7 independent variables and 
3 primary dimensions. According to the Buckingham theorem, 
4(=7-3) independent dimensionless groups are required in a 
mathematical expression of the phenomenon. Those groups, com­
monly called PjL terms, may be: 
Tl == 
l2 =21 
r2 
1 3  = ?  
Hence: 
Ca = f 
Dt Vt Psm-P- (14) 
Il2' R* P 
For the corn, there are 8 independent variables and 3 
dimensions, so 5 dimensionless groups are required. These Pj^ 
terms may be: 
tl = Ca 
= Dt 
le' 
T 3 = ^  
"if 4 = - p 
T5 - F 
P sm-^w 
-3^-
Henoe: 
(15) 
Equations {Ik) and (15) Indicate the grouping of quan­
tities Involved in the drying problem. In order to determine 
a reasonable method of cornbining these terras to form a reliable 
prediction equation, an analytical evaluation of the drying 
process vfould be helpful. Therefore, an equation defining the 
drying process will be developed. 
Experimental drying of barley, soybeans, and corn has 
shown the drying is all at a falling rate. In addition, it 
appears that the drying rate is dependent upon the diffusion 
of moisture from vrithin to the outside of the material^- ini­
tially, it will be assumed that the moisture movement during 
the drying will be by diffusion. 
The fundamental diffusion mechanism follows Flck's law for 
the steady state: 
Analytical Analysis 
P « - KA(2£) (16) 
v;here: P = Rate of permeation (M/T) 
K = Diffusion constant (M/LT) 
A = Area (L^) 
^ = Concentration gradient (l/L) 
C a Moisture concentration (Mass 
Mass DS 
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For the case of unsteady state diffusion, consider the flow 
through an element of volume vlth a unit cross section as 
Indicated In Figure 6. Moisture accumulation In the element 
of volume la found by subtracting the flow out of the element 
from the flov/ Into the element, thus; 
and: 
also: 
P. - = -K(^) + K ^\g + (^) dxl 
1 2 3x11 J 
Pi - Pg = K dx (17) 
I"! - ="2 = (18) 
Where: a = a constant (m/L^) depending upon the moisture 
storing capacity of the material 
t = time 
By combining equations (1?) and (18); 
3C K =>^0 
5?= a5^ 
will result. 
Now, let D = K/a 
where: D = Diffusibility of material 
So: 
= D ILC (19) 
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Vlhere » Bate of permeation of aolsture 
through one face of the element 
P2 = Rate of permeation of moisture 
through the opposite face of the 
element 
djc = Distance "between the two faces 
of the element 
Volume of element = dx 
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Thia result may "be extended l?y a similar line of reasoning 
for three dimensional flow. If the material is isotropic: 
- DI ^  S + ^  9, + ^  hVD ( 2 0 )  
For the particular case of the soybean, it is assumed that 
the bean Is a homogeneous mass vith spherical symmetry. Chang­
ing the variable to the radius of the soybean, r, equation (20) 
may be written as: 
and; 
Let: 
and 
72c = 
r^r 
3C 
= D ^^0 ^  2-^ 
r >r 
u = Or 
r~ = 0 + r 
:5r2 
-^c 
r —+ 2 —-
^j,/i -3 J, 
(21) 
(22)  
since: 
D 
it follows that; 
'Su (23) 
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A solution for equation (23) may "be obtained by Integrating the 
equation and taking into account suitable boundary conditions 
for the problem. The boundary conditions v;ill be assumed as: 
C = f(r) when t = 0 for all r 
C = 0 v;hen r = R for all t 
v;here R is the radius of the sphere. 
Moisture concentration C is the concentration at any point 
In the sphere for all values of t. The condition C = 0 at the 
external surface implies that the moisture distribution within 
the solid decreases to a value of zero at the outside surface. 
Thus, it is assumed that regardless of the moisture distribution 
in the solid at the external surface the concentration drops to 
zero an infinitesimal distance from the surface. 
But; u = Or 
so; 1. u = rf(r) when t = 0 for all r 
2. u = 0 when r = R for all t 
3. u = 0 v;hen r = 0 for all t 
Now, assuming that the variables are separable, and that u 
varies with r and t, a solution to equation (23) may be assumed 
of the form: 
u = X(r) T(t) 
where: 
X(r) is a function of r 
T(t) is a function of t 
It follows that: 
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X(r} T'(t) = DX"(r) T(t) 
or: 
X"(r) _ T'(t) 
X(r) ~ DT(t) 
t 
Since ( can vary only vrith r, and only with t, they 
must both equal a constant, so: 
X"(r) _ T»(t) 
x(rj " ® ~ Driti 
and 
X"(r) - aX(r) = 0 (24) 
T"(t) - aDT(t) = 0 (25) 
Now, for u = X(r) T(t) to satisfy the boundary conditions 
2 and 3 J 
X(r) = 0 when r = 0 
X(r) = 0 v/hen r = R 
The equation 
X«(r) - aX(r) = 0 (24) 
la a homogeneous differential equation with constant coef-
ficienta, hence: 
\ » /ar . _ X{r) = Ae + Be 
However, if a is positive, this solution does not go to zero 
when r ss 0 or r « R. By assuming a to be negative: 
the general solution of equation (25) may be taken as: 
X(r) = M sin (br) + N cos (br) 
when r = 0, N = 0 
and for r = R, X(R) = 0, sin (bR) = 0 
sin (bR) la equal to zero when: 
b a ^  for all values of n. 
Thus, the solution of equation i2k) has the form: 
X(r) = M sin (26) 
Equation (25) la next considered: 
T'(t) - aDT(t) = 0 
and boundary condition 1 will be satisfied when: 
T(t) = rf(r) for t = 0 
The general solution of equation (25) ms-y be taken as: 
T(t) = 
but a = -b^ = - _g" 
R*-
and: 
T(t) = P(ezp); - (^)^ DtJ 
I ^ 
/ ,n^r^z r.. (exp) l  - (^) Dt = e 
-41-
\ 
u s= (exp)|-(£~)^Dt sin (27) 
where the constants Bjj are arbitrary. 
No sum of finite number of functions (27) oan satisfy the non-
homogeneous condition that u = rf(r) when t = 0 unless f(r) 
is a linear oorabination of sines of multiples of r. Tiie 
infinite series of those functions: 
nT\2T»4.' nTTr 
u « ^  B „ ( e x p ) ! - ( ^ ) ^ D t ' s l n  
xv'ill reduce to rf(r) v;hen t = 0, provided the coefficients Bjj 
are so determined that; 
00 
rf(r) = ^  Bj^ gin ntr 
R 
assuming that the series oan be integrated term by term. Hence, 
the coefficients must have the values; 
= I f ^ <28) 
y o 
and finally: 
cO r R 
u = I 21 (expf (^)2Dt^Bln ^  rf(r) aln dr 
•<  ^  ^ " Jc 
since: u » Cr 
^ R 
ntr C = (exp)|-(^)^Dt, sin 
^ J 
rf(r) sin ^  dr (29) 
Next, let us assume that the initial moisture distribution may 
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be represented by an average initial moisture concentration 
(Cq), so equation (29) reduces to: 
0 S5 ^ (exp)j-(i^)^Dt sin \ r sin dr 
o 
and; oo 
C =s - (exp)-(^^)^Dt sin coa n^ (30) 
nvrr 1 . H it 
To get an expression for the average value of 0 (0^^) at 
any time t, each element of volume is multiplied by its cor­
responding moisture concentration C and density and such terras 
summed for the whole sphere; then divided by the product of 
the volume of the sphere and its density. Then: 
°» = ® 
O 
or; 
r - -2-
Ga - r3 
rR 2R0o 
nirr 
%r (exp)-(^~)^Dt sin coa nur^dr 
1 H M 
vhich is integrated as: 
"a = 
and transposing terms: 
Go ~ n2^2 (exp)-(^)^Dt (31) 
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Values for D may now be calculated from experlioeintal 
drying data. It is apparent tliat It is advantageous to multiply 
the second terra by afT^, so: 
-r -/ / 2  
Equation (14) v:ill then have the form: 
Oa 
R' 
In turn, equation (15) la changed to: 
Ca = f iL 2' R«' P ' 
""jfot Vt (33) 
An experimental drying program v/as then established ao 
that D could be determined with the use of equation (31) s-nd the 
Pi terms of equations (32) and (33) evaluated. 
DESCRIPTION OF APPARATUS 
The experimental drier and the air conditioning apparatus 
are located on the north balcony of the Mechanical Engineering 
laboratory. A sohematlo layout of the air conditioning equip­
ment is given in Figure 7» s,nd the drying cabinet in Figure 8, 
Air Conditioner 
The air conditioning equipment is provided v/lth three air 
intakes; one admits air from the outside, and the other tv;o 
admit air from the room. Each inlet is provided v;lth an air 
proportioning damper; thus, any ratio of outside to room air 
nay be maintained. One of the room inlets is located near the 
exit from the air conditioner. This permits a mixture of room 
air and conditioned air to be admitted to the system. 
Steam humidifier 
The horizontal room air intake is fitted vdth a steam 
humidifier at the entrance. This steam humidifier is a 1 1/8 
inch perforated pipe connected to the main steam supply line. 
Steam flow to the humidifier is controlled vlth a globe valve. 
Piping is arranged so that steam may be used from either the 
main college supply line or from the Mechanical Engineering 
laboratory boiler. The boiler steam line includes a pneumatlcal-
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ly actuated pressure regulating device, so steam flow may be 
held at any desired pressure. Maximum steam preaaure from the 
"boiler Is about 120 psi. 
Filters 
Removable filters of the dry type are provided at the 
entrance to the apparatus. A "bank of eight filters approx­
imately tv/o feet square is installed in a staggered arrange­
ment. 
Steam coils 
Four steam heating coils are included; a bank of two colls 
is placed after the filters, and the other two are at the end 
of the conditioner ahead of the fan. The latter set of colls 
v;ill be called the afterheater. All of the coils are Trane 
Company series 85 type E blast colls. Each rov? is by 36 
Inches with 1/2 inch copper tubes. The tubes are finned with 
1/16 inch aluminum fins, and have a cast iron header v;ith a 
galvanized casing. 
Steam flow to each coil is regulated with a Minneapolis-
Honeywell type M90J^ Modutrol motor-operated steam valve. A 
Minneapolis-Honeywell type T915 temperature controller la con­
nected to the valve motors, with thermostatic elements placed 
in the air stream after each bank of colls. The thermostatic 
control on the heating colls has a range of 55 to 110°F, and 
the range of the thermostat on the afterheater is 70 to li^O^F. 
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Ohilled v.-ater ooll 
This coil is a Trane Oonipany type DX, six-row copper coil. 
It is a Zh by 36 inch coil, with 3/k inch tubes. Make-up water 
is chilled in a shell and tube heat exchanger connected to the 
refrigeration machine. 
Pooling ooil 
The cooling coil ia also a 2M- Inch Trane Company type DX 
six-row finned tube 3/^ inch copper coil. This coil is con­
nected to a ten-ton Frigidaire refrigeration unit. Preon-12 
is employed as the refrigerant. The compressor is a V-type 
two cylinder unit, driven by a 7k hp electric motor. A shell 
and tube condenser is included, using T^'ater as the cooling 
medium. The corapreasor is set to run at a constant speed of 
1740 rpm, while the evaporator is connected to a thermostat­
ically controlled expansion valve. Ttiia expansion valve is a 
Frigidaire model TEV set to close at a temperature of 35®P« 
Air vxasher 
A Trane Company type HDW air washer is installed with I6 
nozzles and a 33U pump. Water may be either recirculated or 
heated in the chilled water system heat exchanger to a desired 
temperature. 
Fan 
The fan is a centrifugal type driven by a Century Induction 
polyphase motor. The motor is 3 pixaae, 60 cycle, 220 volts 
equipped v/ith a starting box and 4 speed controller. Horsepower 
ratings of the fan are 3, I.3, 0.75 O.33 at I750, 1150, 870 
and 570 rpm. 
Drying Unit 
EleCtrlc heaters 
An electrical heating unit is located in the e.ir supply 
duct to the drying cabinet. This unit was installed so that the 
air could be heated to a temperature above that obtainable v/ith 
the steam coils. Also, since the thermostat on the steam 
afterheater has a maximum temperature limit of 140°F, the 
electric heaters may be used for fine temperature control at 
temperatures above lii-O^F. 
Ten wire resistance heating grids are placed in the air 
supply duct. The grids are connected in parallel, v;lth each 
grid wired to a knife sv;ltch. v/ith this arrangement any number 
of grids may be put on or taken off of the line. The grids are 
connected to a DC line, v/ith current furnished by a 40 hp 
Fairbanks-Morse motor generator set. The voltage output of 
the generator may be varied i/ith a reostat from ko to 125 volts. 
Control of the output of heat from the electrical grids is 
possible by regulating both the number of grids and the voltage. 
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Drylnp cabinet 
The drying cabinet is approximately 9 feet high, and 
inches square. Two air inlets and outlets are incorporated 
in the design so that air lasy be blovm either over or through 
the material to be dried. 
The cabinet has a capacity'of four one-foot square pans. 
Pour samples of materials may be dried at a time. The pans 
are made of 2^ gauge sheet metal v;lth a copper hardware cloth 
bottom. 
Instrumentation 
Temperatures 
Wet and dry bulb temperatures of the air supplied to the 
drying unit \feve taken in the supply duct to the cabinet at a 
point raidv/ay between the electric heaters and the fan. For 
the dry bulb temperature, a mercury-in-glass thermometer 
shielded with aluminum foil was placed in the air stream near 
the top of the duct where (according to a velocity profile) the 
velocity was the highest. A mercury-in-glass thermometer with 
the bulb covered v/lth a v;etted wick was used for the wet bulb 
determination, and inserted in the air stream close to the dry 
bulb. Both thermometers used were initially calibrated against 
a calorimeter thermometer certified by the National Bureau of 
Standards. These temperatures were taken to determine the dew-
point of the air supplied. 
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V/et bulb temperature of the air leaving the unit v/as 
determined v/lth a Taylor Tyoos motor driven wet bulb recording 
unit. Air temperatures in the drying unit were taken on both 
sides of the cabinet about one foot above the trays v^ith a 
Bristol tv;o-point recording unit. The temperature of the air 
leaving the unit was determined below the trays v^ith a Bristol 
recording unit. 
Air flow 
Air flow was determined vith an Alnor velometer at the 
drier exit. An 8 inch orifice was fitted to the exit duct to 
increase the exit air velocity, in order to keep the wet bulb 
recording unit from drawing room air into the drier. A traverse 
was run over the orifice, to determine the average exit velocity. 
Air velocities v/ere also measured v/ith a pitot tube in 
the 20 inch supply duct to the drier at the higher velocity. 
These values obtained were within about 2 percent of the velocity 
obtained v;lth the velometer. For the majority of the test work 
the air velocity in the duct was too small to get a reliable 
pitot tube reading. 
-52-
TE3T3 AND PROCEDURE 
Drying teats were made on "both eoyljeans and shelled corn. 
The soybeans were Hawkeye variety planted June 1^+, 1950, and 
combined October 13, 1950. These soybeans were grown on the 
Agronomy farm of the Iov:a State Oollege, The corn was a 
mixture of several hybrid varieties planted during the first 
week of July, 1950, and picked by hand October 17, 1950. All 
of the corn was shelled by hand since it was high in moisture 
content v/hen picked. The corn was grovm on the Agricultural 
Engineering Department experimental farm of the Iowa State 
College. 
Preparation of Samples 
All of the soybeans and corn were first put through a 
grain divider and separated into two similar portions; then 
each of these portions was divided, and finally each of the 
resulting divisions was again redivlded. In this manner, the 
original samples v;ere divided into eight divisions. Each of 
the final portions theoretically should have contained the 
same number of each kernel size. The samples were then put 
into glass containers and the oorks were sealed into place with 
wax. Then the samples v;ere stored until used in the cold 
storage locker of the meat laboratory of the Iowa State Oollege 
at a temperature of 35°F« 
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Moisture determinations were made before the containers 
were sealed v/lth a Tag-Heppenatal moisture tester. Moisture 
content of the soybeans was approximately 18 percent; the 
corn was too wet to test (above 30 percent). 
All of the corn was dried as taken from the cold storage, 
but moisture was added to the soybeans after they were stored 
on the day prior to drying. In each case, a calculation was 
made to determine the amount of v/ater that had to be added to 
the soybeans to bring their moisture concentration above O.35 
(dry basis). Each sample to be dried was then put into a quart 
Jar and the required amount of water added. The Jars were shaken 
at about one hour intervals for the first ei^t hours, and the 
beans v/ere kept in the Jars for a minimum of ^  hours prior to 
the drying test. V> " / 
Methods Used in Tests 
Three series of tests were made on both the corn and 
soybeans. One series of runs was made with air supplied at a 
constant dew point of about with the air velocity kept 
constant at approximately 38 fpm, and the air temperature was 
varied from 90 to 150®F. A second series was run v/ith the air 
supply temperature maintained constant at 120°P, with the air 
velocity constant at about 38 fpm, and the dew point of the air 
supplied varied from 15 to 82®F. The third series was run at 
a constant air temperature of 120®P, a constant dew point of 
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about 45®F| and the air velocity varied from 23 to 53 fpm. 
The methods used in conditioning the air for each run are 
illustrated in schematic psychrometrio charts in Figures 9, 10, 
11 and 12. For the 150®P runs, the afterheater thermostat was 
set at liM)®F and the air supplied to the drier was heated v/ith 
the electrical heaters. A constant temperature was maintained 
in this case by regulating the voltage to the heaters. 
Four samples were dried during each test run. The samples 
were placed in the tray in a one kernel thickness covering the 
one square foot pan area. All tests were run with a through 
circulation air flow arrangement. Thus, the tests were made to 
simulate a full kernel exposure to air flow. 
During the test run, the samples were removed from the 
drier at hourly intervals and weighed on a triple beam balance. 
Changes in moisture content were calculated from successive 
differences in the sample weights. Weighing of the four samples 
took from three to four minutes, so no single pan was out of the 
drier for more than a minute at each weiring. 
After the air conditioner was shut down, the samples were 
left inside the drying cabinet for a period of 24 to 48 hours 
of air drying. After the air drying a sample was taken from 
each pan and ground in a mill, and a 20 - 30 gram sample v/as 
put into a vacuiun oven and maintained at 90 - 100®0 under a 
pressure of 0 - 20 millimeters of Hg for a period of 16 hours. 
The oven dried samples were then x^reighed and the final moisture 
content calculated. These final moisture content samples were 
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all weighed \nth an analytical balance. After several testa 
it became apparent that after air drying the samples were all 
at the same moisture content, so only tvro samples were taken 
for oven drying. Preliminary oven drying tests shov/ed that the 
samples were virtually bone dry after ^  hours at 95®C and 20 
millimeters Hg pressure, v/ith negligible v/ei^t loss up to 8 
hours. The samples were oven dried for 16 hours simply because 
they v/ere put in at five o'clock in the evening and removed 
the following morning. 
Accuracy of Measurements 
Air temperatures were controlled with a thermostat v/ith a 
variation of ± one degree. The desired dew point was maintained 
by maintaining the required wet and dry bulb temperature of the 
air. To hold a given wet bulb temperature» either a manual 
operation of the steam humidifier valve or mixing damper v/as 
required. The variation of wet bulb temperature during a run 
was held to a maximum of ^  one half degree. Accuracy of the 
velometer is reported to be 3 percent by the Illinois Testing 
Company. As was previously pointed out, at the high velocity 
the velometer readings were within 2 percent of values obtained 
with a pitot tube. Least count of the triple beam balance used 
to weigh the samples was 0.1 gram. The analytical balance had 
a least count of 0.1 milligram. 
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Calculations 
Since the velometer was calibrated to indicate the velocity 
of standard air (68®F, 29*92 in. Hg) the actual velocity was 
calculated v/ith the equation; 
« . . .  . .  ( ^ 6 0  +  T )  (29.92) 
Vq = (velometer reading)y (528)(barometer) 
which relates the density of standard air to that of the 
actual air. However, this is the velocity at the 8 inch orifice 
(0.353 sq ft), so the air flow was calculated as: 
Q = AVo (cfm) (35) 
The total air flov; was then divided by four to determine the 
flow of air through each drying tray. The partial pressure of 
the water in the air was calculated from the equations: 
Esl fbt 
Pa " na 
w = 0.622 ^  
% 
which were developed in the section on payohrometrio relations. 
Combining the equations: 
~ 0.62?" + W  ^
Specific humidity (W) was calculated by use of equation (13) 
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= w,. z 
where values of Z were taken from Figure The dew point of 
the air was taken from the Qoff (9) low temperature moist air 
tables as the saturation temperature corresponding to the 
partial preosure of the water. 
SUMMARY OP RESULTS 
For each run moisture concentration (C) was plotted against 
time. Moisture concentrations v;ere calculated on the dry basis. 
Figure 13 is included to Illustrate a typical plot of these 
data. Each run had four drying curves. Then each of the curves 
was replotted with zero time at a given initial moistiire con­
centration. The initial moisture content of the soybeans was 
taken as 0.35 and 0.30 was used for the corn. Thus, each of 
the curves was referred to the same initial moisture concentra­
tion, and the initial unsteady state warm-up period data were 
eliminated. Next, the moisture concentration value for each 
hour was taken from eadi of the four curves and averaged 
arithmetically - and finally e.n average curve of the four 
curves was draxfn with these averaged data points. 
For the soybeans, the adjusted data for the variable 
temperature series of runs are given in Figure 14, variable dew 
point series in Figure 151 and the variable air flow set in 
Figure 16. A similar set of results is given for the corn, with 
the variable temperature series in Figure 17, variable dew point 
in Figure 18, and the variable air flow rung in Figure 19. 
Examination of the curves show that the rate of drying is 
definitely influenced by both the air temperature and dew point. 
It is apparent that the air velocity has no pronounced effect 
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on the rate of drying within the limits of the velocitiee used. 
In addition, there is a marked similarity in the shape of 
both the soybean and corn curves, indicating that although the 
corn has a different drying rate the mechanism of drying in both 
cases may be the same. If the corn and soybean curves are com­
pared, it may be noted that initially the corn dries faster 
than the soybeans. After several hours the curves intersect, 
resulting with further drying proceeding at a slower rate for 
the corn than the soybeans. 
-71-
CORRELATION AND INTERPRETATION OF EXPERIMENTAL WORK 
It has been shown that the air velocity has no effect on 
the drying csharaoteristics of either the corn or soybeans, in 
the range studied. Hence, the dimenBlonless term: 
IT - ^  
" 3  ~  R  
has no bearing on the problem and may be omitted. 
Treatment of Soybean Data 
The average moisture concentration at any given time Is 
expressed in equation (32) as: 
H^pt Vt Ga = f 
,2 ' R' P 
Vt After eliminating the term, the equation is reduced to: 
Ca = f II ^Dt ^sm"^ 
R' 2 * 
Equation (3I) also gives a relationship for the average moisture 
concentration at any given time, according to: 
(8Xp)-(^)2Dt 
Experimental data obtained were values of moisture concentration 
-72-
for various values of time and under different conditions of 
P -P 
^sm V 
P 
Values for (5s.) were calculated from the O-time curves 
°° 0 
obtained In the drying runs. Then, for these values of (^) 
•rr2 " 
the value of the dimenslonleas group (5-~) was calculated 
p V 
with equation (31) • The value of (ISfflllS.) was also calculated 
^ n^Dt 
for each run. Figures 20 and 21 are a plot of ( ••••) against 
r2 
time. Examination of these curves reveals that the initial 
portions of the curves are strc-lght, and then curve off with 
Increasing time. This Indicates that ^  is constant during the 
initial stages of drying, and then decreases as the moisture 
concentration decreases. Assuming that the radius remains 
constant, it may be said that the diffuaivity is constant 
initially, and finally decreases with decreasing moisture con­
centrations, It can be seen that the straight line portions of 
the curves terminate at approximately the point of = 0.16. 
Each of the curves has the point corresponding to = 0.16 
indicated. It may, therefore, be concluded that drying takes 
place v/lth tv;o falling rate periods. In the first period the 
diffuslvity is constant, and after has been reduced to 0.16 
further drying is carried out vrith a diffuslvity decreasing v^ith 
moisture concentration. 
Next, the value of D was calculated for each point plotted. 
The radius of the bean, R, was determined by taking the arith-
« 
metlo mean of the diameters of 50 beans selected at random, and 
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measured with a micrometer. The mean radius vas 0.319 om. The 
values of D are given in Table 2 in the Appendix. The value of 
D calculated for each run in the 0^ = 0.35 to 0.16 period was 
p ^p 
then plotted against the dimensionless group (_SH—£) included 
as Figure 22. Examination of this figure reveals that D bears 
the following relation to the (£fiS!^3£) group; 
" °—reSTTPl 
For the second falling rate period, the value of D was 
calculated for each hour of each run. The diffusivity was then 
Q 
plotted against the log of the dimensionless (^) group for 
^o 
each run. These curves are presented in Figure 23. It may be 
noted that with the exception of run 13» all of the curves have 
approximately the same slope. This indicates that the Pi terras 
considered should combine as a product which, in fact, was done. 
Thus, the diffusivity of ail of the runs may be expressed as: 
log 
v/here b is a different constant for each run. Then, the value 
of b vras calculated for each of the curves. Figure 24 represents 
P "»P 
a plot of log b against log (——21). Accordingly, b may be 
p p 
exoressed in terms of the (fjygCl!0 group as: 
P 
~0.0088P11' 63 
(39) 
T y 
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By oomblnlng equations {38) and (39) the follov;lng expression 
Is obtained for the dlffualvlty In the second (below 0^=0.16) 
falling rate [)erlod; ^ 
log 
D = 
n /O.OO88P1I.63 
0^5—Zp—' 
770 
(40) 
Thus, the dlffuslvlty In the diffusion equation Is a property 
dependlHe'^ upon both the material and the drying environment. 
Illustrative Problem 
An Illustrative problem Is Included to Indicate how a 
drying problem may be solved vrlth the use of the method 
developed. 
To calculate the tine required to dry a trs.y of soybeans 
initially with an average raoiature concentration of 0.35 to an 
averafre moisture concentration of 0.10, air is to be supplied 
at 150°F with a ^1-6.5®F dew point, at a velocity of 38 fpm. The 
following additional data are given: 
Barometer = 28.86 in. Hg 
Radius of bean = O.319 cm 
These are the same teat conditions used. In run 11, with the 
0-tlme curve given In Figure 1^. For the first falling rate 
period: 
-79-
Oal6 n. I ,  
•with the use of equation (31) 
^ 5 -
3^ = o-53'» - 1 
= 0.37 (see Table 2) n^Dt 
r2 
P = 28.86 In. Hg 
= O.318 in. Hg 
^8 = 7.572 in. Hg (at dry bulb temperature, 150°F) 
Pg = 1.032 in. Hg (at vret bulb temperature, 80®F) 
Pgjj, = 7-^7^ ^  = i;.302 in. Kg 
•D tJ _ ^.302 >- 0.318 „ 1 
—2S.56 — ~ '^ •^ 38 
Acoordlng to equation (37)• 
TT^Dt 
R' 
= 0.37 
t = <0.371(0.^91^ ^ 1.79 1,1. 
(3.1^ 16)2 (0.0021^ 1') 
In referring to Fifjure 1^ it may be observed that the time re­
""80>~ 
quired (run 11) to dry to C = 0.16 Is 1.81 hours. The time 
required to dry from 0 • 0.16 to C =s 0.10 may be oaloulated by 
calculating the time required to dry the soybeans to 0 = 0.10 
from C s 0.35 and subtracting the time calculated for drying to 
0 = 0.16 from C = 0.35* A mean value of D at G s 0.13 will te 
used. For greater precision, successive increments raay be 
taken between C a 0.16 and C = 0.10 with a value of D calculated 
for each increment. 
According to equation (^0): 
log ® 
rio(O.OOBBP|l.fe3 
P sm-Py ; 
770 
for 0- = 0.13: 
log 
D = 
1? _ 
^^/0.0088^J•.e)3 
770 
D = = 0.00196 sq cm/hr 
IT^Dt 
= 0.78 (Ca/Oo = 10/35) 
(0.78)(0.319)'^ 
(3.1^16)2 (0.00196) 
= 1^.09 hr (C = 0.35 to C = 0.16) 
tfjDt 
r2 
= 0.37 (Oa/Co = 16/35) 
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(3«X'+j.o^ \U*uua96) 
s 1.9/^ hr (0 = 0.35 to C s 0.16) 
Thus, the time required to dry the soybeans from C = 0.I6 to 
0 = 0.10 is 2.15 hours. By comparison, the time required for 
this drying in run 11 taken from Figure 14 is 2.2 hours. The 
total time required to dry from C = 0.35 to C = 0.10 is equal 
to 1.79 + 2.15 = 3'94 hours, compared to the experimental value 
Examination of the corn drying curves, in comparison to 
the soybean curves for the same drying conditions, shov; that 
initially the corn dryo faster than soybeans, and after several 
hours drys at a slower rate than the soybeans. 
The soybean curves vrere interpreted again, and the moisture 
concentration for each hour determined for zero time at 0 = 0.30. 
This initial moisture concentration corresponds to the starting 
point in all of the corn tests. Then, using Cg = 0.30, values 
2n4. 
for (? were calculated with equation (3I). These data are 
included in the Appendix as Table J. Then, the values of 
(T.• 2^.) were calculated in a similar manner for the corn, and 
of 4.03 hours 
Treatment of Corn Data 
given in Table k. The F factor for the corn defined as: 
•) corn 
•) soybeans 
R 
i k l )  
-82-
was then calculated, where the groups of each set of 
r2 
data were compared at the same time and for identical values 
P —P iT ^ Dt 
of (_SQ__w). ^ graphical reproaentatlon of (——?) corn 
 ^ir^ Dt 
v e r s u s  ( — s o y b e a n s  i a  p r e s e n t e d  i n  F i g u r e  2 5 .  
r2 
An F factor of 5' = 1.1 was obtained for corn moisture 
concentrations above 0.I6. In the range of 0^^ below 0.I6 the 
factor is expressed as; 
p = +0.67 W) 
("" •) soybeans 
The drying characteristics of corn kernels may be pre­
dicted from corresponding soybean data with the use of the F 
factors given. 
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CONCLUSIONS 
The folloHing conclusions are derived from the theo­
retical and exr>erln»ental investigations presented herein, 
and are considered applicable in the range of drying con­
ditions studied: 
1. The basic mechanism of resembling diffusion may be 
assumed for the moisture movement in the drying of soybeans. 
2. Drying of soybeans is accomplished in two falling 
rate periods. The first falling rate period terminates at an 
average moisture concentration of approximately 0.l5. 
3. During the first falling rate period the diffusivity 
of soybeans remains constant, while during the second period 
the diffusivity decreases v.-'ith decreasing moisture concentra­
tions. 
i}-. Diffusivity is a property dependent upon both the 
materis.1 and the drying environment. 
5. The drying characteristics of corn may be predicted, 
from soybean drying data vrith the use of an F factor presented. 
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Table 1 
Values of Correction Factor Z for Wet Bulb Temperature a®-
Ts Z Z Z 
°F Max Mln Ave 
32 0.00343 0.00347 0.0035 
50 0.00765 0.00756 0.0076 
60 0.0105 0.0101 0.0103 
70 0.0157 0.0154 0.0155 
80 0.0229 0.0221 0.0225 
90 0.0310 0.0303 0.0307 
100 0.0433 0.0427 0.0430 
110 0.0591 0.0582 0.0587 
120 0.0808 0.0792 0.0800 
130 0.1108 0.1099 0.1104 
140 0.1529 0.1513 C.I52I 
150 0.2110 0.2110 0.2110 
®Dry bulb temperature range 32°P to 150°F. 
Table 2 
Calculated Data For Drying Curves (Soybeans) 
Time P « D(10)2 ^am"^w 
Run hr Ca/^o t om/hr p b 
10 
13 
0 1.0 0.0 
2 0.678 0.11 0.051 
0.585 0.19 0.051 
6 0.516 0.28 0.051 
8 O.ii'56 0.37 0.051 
9 0.438 0.41 0.047 
10 0.420 0.44 0.045 
11 0.402 0.46 0.043 
12 0.396 0.49 0.0424 
13 0.368 0.53 0.0424 
0 1.0 0.0 
2 0.616 0.16 0.078 
4 0.500 0.30 0.078 
6 0.422 0.43 0.078 
7 0.394 0.49 0.072 
8 0.366 0.56 0.072 
9 0.343 0.61 0.071 
10 0.323 0.67 0.069 
11 0.306 0.72 0.065 
12 0.294 0.75 0.064 
13 0.286 0.78 0.062 
0 1.0 0.0 
2 0.586 0.19 0.098 
0.454 0.38 0.096 
6 0.366 0.56 0.096 
8 0.300 0.73 0.094 
9 0.271 0.83 0.095 
10 0.257 0.88 0.091 
11 0.249 0.91 0.086 
12 0.237 0.96 0.083 
0.02^ 0.1880 
0.0^1-0 0.097^^ 
0.063 0.0666 
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Table 2 (Continued) 
Time o p D(10)2 ^am-^v 
Run hr Gei/% K Dt/R'^ aq om/hr p b 
12 O l.O O.O 0.09^^ 0.0266 
11 0 1.0 0.0 0.138 0.0110 
0 1 0 0 0
2 0.506 0.29 0.151 
3 0.421 0.44 0.151 
4 0.357 0.57 0.147 
5 0.320 0.68 0.142 
6 0.285 0.78 0.134 
7 0.263 0.86 0.127 
8 0.2^3 0.93 0.120 
9 0.220 1.03 0.118 
10 0.206 1.08 0.111 
11 0.191 1.14 0.107 
1 0.571 0.21 0.210 
2 0.40 0.206 
3 0.354 0.59 0.202 
0.294 0.76 0.196 
5 0.254 0.89 O.I83 
6 0.224 1.04 0.178 
7 0.200 1.12 0.164 
8 0.176 1.24 0.159 
0 1.0 0.0 
1 0.657 0.13 0.134 
3 0.448 0.38 0.134 
5 0.328 0.66 0.136 
6 0.286 0.78 0.134 
7 0.255 0.89 0.131 
8 0.229 0.99 0.128 
9 0.212 1.04 0.119 
0.069 0.0250 
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Table 2 (Continued) 
Time r\  ^ D(10)2 P -P am w 
Run hr ^Dt/R^ flq om/hr P U 
3 0 1.0 0.0 0.064 0.0436 
1 0.670 0.11 0.123 
3 O.W 0.37 0.123 
5 0.358 0.58 0.119 
6 0.323 0.66 0.113 
7 0.291 0.76 0.112 
8 0.271 0.83 0.107 
9 0.255 0.88 0.101 
0 1.0 0.0 0.055 0.0851 
1 0.725 0.08 0.086 
3 0.53^ 0.25 0.086 
5 0.429 0.42 0.086 
6 0.394 0.49 0.084 
7 0.363 0.56 0.082 
8 0.343 0.61 0.079 
9 0.320 0.68 0.078 
10 0.300 0.74 0.076 
11 0.289 0.77 0.074 
22 0 1.0 0.0 0.046 0.1054 
1 0.729 0.08 0.079 
3 0.557 0.23 0.079 
5 0.450 0.38 0.078 
6 0.411 0.44 0.076 
7 0.386 0.51 0.075 
8 0.371 0.55 0.071 
9 0.337 0.63 0.070 
10 0.326 0.66 0.068 
11 0.315 0.69 0.065 
13 0.295 0.75 0.060 
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Table 3 
Calculated Data for Drying Curves (Soybeans)®-
Run 
11 0 1,000 0.00 0.138 
10 0 1.000 0.00 0.02i|. 
hr Ga/Co TT^Dt/R' 
1 0.634 0.15 
2 0.490 0,31 
3 0,400 0.48 
4 0.333 0.64 
6 0.253 0.89 
8 0.200 1.12 
2 0.760 0.06 
4 0.660 0.12 
6 0.596 0.18 
8 0.523 0.27 
10 0.473 0.34 
12 0.437 0.41 
0 1.000 0.00 
1 0.760 0.05 
2 0.656 0.13 
3 0*577 0.20 
k 0.513 0.28 
5 0.460 0.37 
6 0»416 0.44 
7 0.377 0.5^ 
8 0.3^7 0.63 
9 0.316 0.68 
10 0.300 0.72 
11 0.283 0.78 
w 
13 0.063 
®'Recalculated for Oq = O.3O. 
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Table ii 
Calculated Data for Drying Curves (Corn) 
Time ~ 5 
Run hr Ca/Co ir Dt/Rg'^ P 
15 
16 
20 
0 1.000 0.00 
1 0.600 0.17 
2 0.466 0.35 
3 0.402 0.44 
4 0.347 0.60 
6 0.283 0.78 
8 0.263 0.86 
10 0.233 0.97 
11 0.220 1.01 
0 1.000 0.00 
2 0.732 0.07 
0.620 0.16 
6 0.55^ 0.23 
8 0.506 0.29 
10 0.470 0.3^ 
12 0.452 0.38 
14 0.440 0.40 
0 1.000 0.00 
1 0.757 0.06 
2 0.642 0.14 
3 0.562 0.22 
4 0.504 0.30 
5 0.460 0.37 
6 0.436 0.41 
7 0.410 0.46 
8 0.367 0.51 
9 0.370 0.55 
11 0.3^6 0.61 
0.135 
0.025 
0.063 
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Drylnp Rate Experimental Data 
Barometer; 29.06 in. Hg Date; Feb. 6. 1951 
Sample; aoylpeana Run No.; 1 
Average air inlet temperature: 120 op 
Average exit air velocity: 1590 "fm (Traverse) 
Outlet area; 0.?53 sq ft 
Average exit air temperature: 116 °F 
Average air aupply temperature: 130 °F (Dry bulb) 
Average air supply temperature; 69 "F (ivet bulb) 
Time Qroas sample weight - grama 
hours 1234 
0 9^8.4 935.3 950.3 949.8 
i 906.1 890.4 911.0 908.3 
1 892.1 876.0 895.7 893.3 
li 881.8 864.4 885.6 883.8 
2 875.8 858.0 878.4 877.5 
3 866.2 847.3 869.3 868.4 
4 859.7 839.5 862.0 860.8 
5 854.7 834.3 857.0 854.9 
7 846.0 825.8 848.3 847.4 
9 838.0 818.8 847.4 846.9 
Tare tray 525.0 54.8 525.4 525.1 
Final Moisture Determination 
Treatment: 16 hr - 90°C. 30 in. Hg vacuum (gage) 
Gross weif^t (grama) 
Final wei^t (grama) 
Tare box (grama) 
Dry solid (grams) 
G-rams H2O 
0 Oram D3 
Box number 
1 2 3 4 
52.7721 48. 9153 52.3589 62.1970 
51.4870 46. 7950 49.6820 59.8970 
29.3975 21. 8860 20.2954 36.6860 
22.09 24. 91 29.39 23.21 
0.0585 0. 
CO 0
 0.0914 0.0990 
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Drying Rate Experimental Data 
Barometer; 29.07 In. Hg Pate: Feb. 10. 1961 
Sample: Soybeans Run No: 2 
Average air inlet temperature; 120 °F 
Average exit air veloolty: 1595 fpm (Traverse) 
Outlet area; 0.353 sq ft 
Average exit air temperature 118 °F 
Average air supply temperature; 130 "^F (Dry bulb) 
Average air supply temperature; 73 "F (Wet bulb) 
Time Gross sample v/eight - /rrams 
hours 12 3^ 
0 934.0 913.3 928.3 928.5 
903.0 887.5 903.0 893-0 
1 888.7 878.5 893.1 880.5 
J-a 882.4 871.6 887.0 872.0 
2 876.3 666.3 880.8 865.8 
3 867.1 857.8 872.7 856.4 
k 862.0 854.3 868.8 850.9 
5 856.4 849.2 863.5 845.0 
6 852.7 845.3 860.2 841.3 
7 851.0 842.0 858.5 838.3 
10 850.7 841.8 855.4 838.0 
Final Moisture Determination 
Treatment; 16 hr - 90*^0. 30 in Hg vacuum (gage) 
G-ross weight (grams) 
Final weight (grams 
Tare box (grams) 
Dry solid (grams) 
V/ater removed (grams) 
Grams H2O 
^ Gram D3 
Box number 
2 3 
54.7200 60.1820 57.1620 52.6140 
52.4910 57.6019 54.8471 50.6019 
24.4300 24.5155 24.1400 24.5920 
28.06 33.08 30.71 26.01 
2.23 2.58 2.31 2.01 
0.0795 0.0790 0.0752 O.O78O 
—96"* 
Drying Rate Experimental Data 
Barometer; 29«39 In. Hg Date: Feb. 15. 1951 
Sample: Soybeana Run No: 2 
Average air Inlet temperature; 120 
Average exit air velocity; 1590 fvm (Traverse) 
Outlet area: 0.353 ^sq ft 
Average exit air temperature: 118 °F 
Average air supply temperature: 132 ^F (Dry bulb) 
Average air supply temperature: 73 °F (Wet bulb) 
Time 
hours 
G-ross sample weight - grams 
1 2 3 4 
0 971.2 953.1 971.3 964.5 
s 925.5 909.2 925.0 916.8 
1 913.2 896,7 912.0 904.4 
905.1 889.4 906.8 897.5 
2 900.0 882.9 898.5 890.7 
3 891.0 873.6 890.0 881.8 
4 885.1 868.8 883.7 876.3 
5 879.8 863.9 879.8 870.7 
7 872.4 855.9 871.4 863.8 
9 867.1 851.6 866.8 859.3 
Final Moisture Determination 
Treatment; 16 hr - 95°G. 30 In. Hg vacuum (gage) 
arose weight (grama) 
Final v^eight (grama) 
Tare box (grams) 
Dry aolld (grams) 
Water removed (grams) 
Grama H^O 
^ Gram D3 
Box number 
6 7 
60.12^ 
57.201 
24.024 
33.18 
2.92 
55.930 
53.203 
24.511 
28.69 
2.73 
57.093 
5^.381 
25.015 
29.36 
2,71 
8 
59.463 
56.65^ 
24.455 
32.20 
2.81 
0.0882 0.0950 0.0922 0.0875 
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Drying Rate Experimental Data 
Barometer; ^9.06 in. Hg Date; Feb. 17.1951 
Sample; Soybeans Run No; 4 
Average air inlet temperature; 120 Qp 
Average exit air velocity: 1590 "fpm 
Outlet area; 0«353 ^sq ft 
Average exit air temperature; 118 °F 
Average air supply temperature; 126 (Dry bulb) 
Average air supply temperature: 82 '°F (v/et bulb) 
Time G-ross aample v/eip:ht - grama 
hours 1 2 3 if-
0 950.0 938.7 952.5 952.7 
920,4 905.5 918.9 917.1 
1 908.8 891.4 905.2 902.3 
1-^ 900.6 882.8 896.9 894.8 
2 89^.2 877.0 889.4 889.0 
3 886.2 866.6 880.4 879.8 
k 880.7 859.4 873.3 872.1 
5 876.7 855.3 868.2 868.5 
7 869.5 849.2 861.4 862.0 
8 866.3 845.4 858.6 858.6 
11 859.7 838.8 852.2 852.3 
Final Moisture Determination 
Treatment; 18 hr - 100^0. 30 in, Hg vacuum (gapce) 
G-ross we 1 ght (grams) 
Final weight (grains) 
Tare box (grams) 
Dry solid (grams) 
Water removed (grams) 
G-rams H2O 
^ Q-ram DS 
Box number 
61.186 61.270 55.490 58.378 
57.796 57.880 52.258 55.196 
24.024 24.511 25.015 24.455 
33.77 33.369 27.24 30.74 
3.39 3.39 3.23 3.18 
0.100 0.101 0.117 0.103 
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Drying Rate Exrjsrimental Data 
Barometer: 29.15 in. Hg Date: Feb. 20, 1951 
Sample; Soybeans Run No: 5 
Aver&^e air inlet temperature: 120 op 
Average exit air velocity: 1225 fpm (Traverse) 
Outlet area; 0.353 aq ft 
Average exit air temperature: 118 
Average air supply temperature: 130 °F (Dry bulb) 
Average air supply temperature: 75 •^F (Wet bulb) 
Time CJrosa sample weight - grams 
hours 1 2 3 4 
0 954.2 942.3 953.8 957.9 X 
•4 914.4 904.0 915.1 916.8 
1 903.1 891.8 901.3 903.9 
li' 892.9 883.3 893.8 895.2 
2 8I7.O 875.3 886.4 888.2 
3 877.1 865.9 875.9 876.5 
4 870.0 860.2 870.0 870.7 
5 863.6 854.4 863.5 865.3 
7 856.8 846.3 855.8 856.7 
9 850.9 941.2 850.0 852.1 
11 845.9 836.7 846.1 847.3 
Final Moisture Deteraination 
Treatment: 18 hr - 100°0, 30 in« Hg vaouum (gage) 
Q-ross weight (prama) 
Final vreight (grams) 
Tare box (^ams) 
Dry solid (graras) 
Water removed (grama) 
Grsuns HgO 
^ Gram DS 
Box number 
1 2 3 4 
57.272 
5^-787 
24.430 
30.357 
2.485 
61.276 
58.451 
24.516 
33.935 
2.825 
56.939 
54.438 
24.140 
30.298 
2.501 
59.571 
56.988 
24.592 
32.396 
2.583 
0.082 0.083 0.083 0.082 
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Drying Rate Experimental Data 
Barometer 
Sample:, 
28,66 in. Hg 
"fetoybean'g 
Average air inlet temperature:^ 
Average exit air velocity: 
Outlet area: 0.35*^ ag ft 
Average exit air temperature: 
Average air supply temperature 
Average air supply temperature:" 
Date: Feb. 25. 1951 
Run No: 6 
120 OF 
1595 "fpm (Traverse) 
118 OF 
1*^0 OF (Dry bulb) 
79 op (v/et bulb) 
Time 
hours 
Gross aairrale weight - grams 
1 2 3 4 
0 956.1 940.5 950.3 951.1 
i 919.8 905.0 916.8 914.9 
1 909.8 894.5 904.3 903.5 
901.4 892.4 897.8 899.5 
2 k 897.1 884.4 893.8 894.0 
3'k 892.3 880.2 886.2 888.6 
4i 887.9 876.1 883.8 882.0 
6 k 882.0 869.3 879.0 879.0 
875.0 861.5 872.0 870.6 
Final Moisture Determination 
Treatment: 16 hr - 95OO. 30 in. Hg vaouua (gage) 
Gross weight (grams) 
Final v/ei^t (grams) 
Tare box (grams) 
Dry solid Tgrams) 
Water removed (grams) 
Grams H2O 
^ Gram D3 
666 
52.119 
2^1-. 048 
28.071 
2.547 
Box number 
B 0 
54.868 
52.255 
24.514 
27.741 
2.613 
55.938 
53.308 
24.261 
29.047 
2.630 
54.517 
51.963 
24.305 
27.658 
2.554 
0.0908 0.0940 0.0905 0.0923 
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Drjrlng Rate Experimental Data 
Barometer; 
Sample; 
29.23 in. Hg 
Soybean's 
Average air inlet teiaperature;__ 
Average e?;it air velocity: ~ 
Outlet area: 0.353 SQ ft 
Average exit air tenperature 
Average air supply temperature; 
Average air supply temperature;' 
120 
Date; Feb. 28, 
Run No; 
Op I 
1951 
2120 fpg (Tra ve r s e) 
118 op 
"130 "F (Dry bulb) 
76 OF (Wet bulb) 
Tim© 
hours 
G-ross aamx)le weight - grama 
1 2 3 
0 953.9 953.0 948.5 
913.5 916.2 91^.8 
1 903.9 907.2 90^^.8 
2 891.9 89^.8 891.9 
3 882.7 885.2 882.7 
k 875.6 879.6 877.0 
6 869.0 870.2 870.5 
8 863.3 865.3 862.6 
10 859'M- 860.8 858.6 
Air dried 850.0 851.7 849.0 
Final Moisture Determination 
Treat me nt: 16 hr ~ 95^0, 30 in. Hg vacuum (gaKe) 
Gross weight (grams) 
Final weight (grams) 
Tare box (grams) 
Dry solid (grains) 
./ater removed (grams) 
G-rams H2O 
^ Oram D3~ 
Box number 
4 1 
52.0399 48.3043 
50.471 46.935 
24.592 24.430 
25.879 22.505 
1.569 1.369 
0.0606 0.0608 
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Drylng Rate Experimental Data 
Barometer: 
Sample; 
Average air 
Average exit 
Outlet area; 
Average exit 
Average air 
Average ^ '-ir 
29.06 In. Hg 
Soybeana 
inlet temperature: 120 
air velocity; 1000 
0»353 sq ft 
air tern-perature: 118 
supply temperature: no 
supply temperature 
Date; March 
Test No: 
1951 
Op 
fpm (Traverse) 
Oji 
"Of-
•bp 
(Dry bulb) 
(iVet bulb) 
Time 
hours 
Gross samole v;eight - grains 
1 2 3 4 
0 963.2 955.0 966.0 965.^ 
1 927.6 920.0 931.^ 930.5 
1 91^.3 906.3 918.6 918.1 
Ik 90i^.5 897.1 908.2 909.0 
2} 893 »0 885.0 896.0 897.1 
3t 883.9 877.2 889.3 889.8 
4 879,2 871.6 883.0 88^1-. 2 
7 868.8 862.2 873-1 875.4 
10 861.6 855.5 866.5 868.3 
Air dried 848.6 Sill-O.^ 851.1 853.5 
Final Moisture Determination 
Treatment: 16 hr - 9^^C. 30 in. Hg vaouum (gage) 
G-ross weight (grams) 
Final wei^t (grams) 
Tare box Tgrams) 
Dry solid (grams) 
Water removed (grams) 
Q-rams HoO 
G-rara DS 
Box number 
1 4 
45.164 40.511 
44.256 39.809 
19.826 15.217 
O.908 0.702 
0.0458 0.0462 
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Drying Rate Experimental Data 
Barometer: 28.76 In. Hg Date; March 22. 1951 
Sample; Soybeaaa Run No: g 
Average air inlet temperature: 105 
Average exit air velocity; 1600 "fpm (Traverse) 
Outlet area: 0.353 aq ft 
Average exit air temperature; 10^ °F 
Average air supply temperature; 110 "F (Dry bulb) 
Average air supply temperature; 70 (Wet bulb) 
Time (rross sample vreight - pcrams 
hours 1234 
0 955.9 950.1 95B.6 956.2 1 
? 927.il' 923.3 930.0 930.2 
1 918.0 913.5 920.0 920.4 
If 910.3 906.7 912.5 912.8 
2-1 902.0 898.7 90i)-.l 903.4 
kh 890.0 886.7 893.2 891.5 
6-1 882.1 879.9 885.1 884.2 
8^ 876.1 874.5 879.8 878.3 
11 871.5 869.1 875.2 873.6 
13 868.4 866.1 872.2 870.5 
Air dried 865.0 861.2 868.3 867.5 
Final Moisture Determination 
Treatment: 16 hr. 95°0. 30 in. Hg vacuum (gage) 
Box number 
B 
O-ross vieight (grams) 45•851 45«577 
Final vjei^t (grams) 44.109 43.825 
Tare box (grams) 24.514 24.140 
Dry solid (grams) 19*595 19.685 
Water removed (grams) 1.742 1.752 
Grams HoO 
0 aram D3 
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Drylnp" Rate Kxperlmental Data 
Barometer:, 
Snmplo; ' 
2 9 . 2 0  in. 
Soybeans 
Hg Date; Itorch 23. 1951 
Average air inlet tcrmicrature: 
Averar^e exit air relooity; 
Outlet area; 
.Oilil w 
.90 
1620 
Run No: 
op 10 
fpm (Traverse) 
cq 
Average exit air tenoors-ture; 
Averap:e air supply temperature: 
Average air supply temperature: 
OF 
92 OF (Dry bulb) 
64 0F (v, et bulb) 
Time 
hours 
G-ross sample v;eip:ht - crrams 
1 2 3 4 
0 956.2 9/^6.4 952.6 951.1 A. c 931.6 921.5 929.5 925.3 
1 918.3 909.0 915.8 911.8 
2 910.8 900.3 908.2 905.0 
4 900.7 890.0 898.1 89^.7 
7 891.0 880.0 887.9 884.2 
10 884.0 872.8 881.3 878.6 
13 878.0 867.5 875.8 872.9 
Air dried 855.0 843.6 851.6 850.0 
Final Moisture Determination 
Treatment: 16 hr -> 9 5^0. 30 in. Hg vacuum (p:af?e) 
Box number 
3 D 
(Jross weight (grams) 44.^98 46.299 
Final weight (grams) 43.515 45.223 
Tare box (grains) 24.261 24.305 
Dry solid (gre,ms) 19*254 20.918 
Water removed (grams) 0.983 1.0?6 
G-rams HoO 
Drylng Rate Experimental Data 
Barometer: 28.86 In. Hg Date: liarch 26. 1951 
Ssnple: Soybeans Hun Wo: 11 
Averan-e air inlet tewperature: I7O °F 
Average exit air velocity: 1595 fiora (Traverse) 
Outlet area: 0.353 sq ft 
Avera,!^e exit air temperature: l^r6 
Average air sup])ly teninerature; 1^0 (Dry bulb) 
Averaf^e air supply temperature: 80 °F ( v/et bulb) 
G-ross sample v/eight - grams 
hours 1 2 3 ^ 
0 9'y5'6 940.6 957.8 956.7 
•3- 91'+. 3 901. 918.0 916.9 
i 902.0 883.8 9oi'..5 90iv.0 
li 893.7 880.8 895.8 895.0 
2 886.7 87'f.6 889.7 888.4 
3 877.3 865.5 380.5 879.7 
if 871.2 860.0 87^^-.5 873.2 
6 862,5 850.5 865*6 864.1 
8 857.1 8i^6.1 859.8 859.1 
r dried 856.5 84^^.2 858.8 856.7 
Final Kolsture Determination 
Treatment: 16 hr. - 95°0, 30 in. Hg vacuum (gaf':e) 
Gross v/eight (grams) 
Final v/eipht (j^raraa) 
Tare box (fframs 
Dry solid (grams) 
..ater removed (grams) 
G-rans HoO Q ^ 
Gram D3 
Box number 
2 A 
48.583 43.303 
47.270 42.232 
24.516 24.048 
22.754 18.184 
1.313 1.071 
0.0578 0.0588 
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Drylnf^ Ib-te I'lxperinental Data 
Baroneter:__28j92__in. Date: Hrrch 31. 1951 
Hoji^beF.na •Ji.i Sample; 
Avorr<.c;e alv inlet tfinpt3rature.'_ 
Avorr:.(5G e::lt air volocity; 
Outlet area: 
Run i.'o: tr 
o»?5? 8C ft 
1610 fpai (Travsrse) 
Avi.rar;e e::lt air "Cenpcrature: 132 °F 
Average clr supply tRmoerature';' ' l^!-0 OF (Dry bulb) 
Average air cupply temrierature: ?6 "^F (\!et bulb) 
Time 
hours 
G-ross sample veij!:ht - Kraina 
1 2 3 4 
0 955.9 9i''5.^^ 956.6 955.3 
917.7 907.5 921.0 919.0 
1 906.8 896.7 909.7 908.0 
ih 899-3 887.2 901.8 900.0 
2 893 • ^  881.7 896.1 094.3 
3 QBk.3 873.3 886.9 B85.5 
t: 673.2 661.0 876.0 874.7 
8 863.? 850.7 865.3 864.7 
11 859.0 8if6.5 860.4 059.4 
Air dried 856.6 843.6 858.3 858.2 
Final Moisture Determination 
Treatment; 16 hr - 95^0. 30 in. Hf? vacuum (grp.f?e) 
G-rosa weipjiit (grams) 
Final weight (grans) 
Tare box (grains) 
Dry oolid Tgrams) 
Water renoved (grama) 
GrajiiB 1120 
^ Gram D3 
Box number 
3 B 
4f^.782 48.^42 
47.399 47.017 
24.140 24.514 
.259 22.503 
1.383 1.325 
0.0593 0.0588 
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Drylng Rate Experimental Data 
Barometer; g9.02 in. Hg Date; April 1. 1951 
Sample; Soybeans Run No: 12 
Average air inlet temperature; 120 OF 
Average exit air velocity; 1600 "fpm (Traverse) 
Outlet area; 0.353 ^sq ft 
Average exit air temperature^j 118 °F 
Average air supply temperature; 130 *^F (Dry bulb) 
Average air supply temperature; 75 °F (Wet bulb) 
Tinie O-roaa sample v;eight - grams 
hours I 2 5 ^ 
0 959.3 9^6.2 953.0 965.3 
i  930.0 916.1 92^.6 933.6 
1 919.8 906.4 9U.5 922.9 
2 908.5 89^.2 901.6 910.8 
3 900.0 886.9 894.4 902.5 
4 893.7 880.1 887.8 895.1 
5 888.3 875.1 882.4 890.0 
7 860. k 868.2 876.0 883.6 
9 873.2 860.0 868.7 876.2 
12 870.6 857.3 866.1 873.5 
Air dried 861.2 8i:^6.1 855.9 863.6 
Final Moisture Determination 
Treatment; 16 hr. 95°C. 30 in. Hg vacuum (gage) 
Gross weight (grams) 
Final wel^t (grams) 
Tare box (grams) 
Dry solid (grams) 
Water removed (grams) 
Grams H2O 
® Gram DS 
Box number 
4 A 
54.091 47.114 
52.509 45.870 
24.592 24.048 
27.917 21.822 
1.582 1.244 
0.0568 0.0568 
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Drylng Rate Experimental Data 
Barometer:. 
Sample; ' 
29.08 In. Hg 
Corn 
Average air Inlet temperature: 120 
Average exit air velocity; 1600 
Outlet area; 0»353 eg ft 
Average exit air temperature: 118 
Average air supply terat)erature:_ 
Average air supply tera-oerature;" 
Date; Axirll 
Run No: 
op 
"fpm (Traverse) 
1951 
Op 
no Of (Dry bulb) 
.25 (Wet bulb) 
Time 
hours 
Gross sample weight - grams 
1 2 3 4 
0 1020.5 1011,5 1025.6 1030.0 
996.8 990.5 1004.2 1010.0 
1 986.0 982.1 994.1 1002.1 
2 9/2.8 972.1 980.9 992.1 
3 96^^.3 963.5 974.0 984.5 
5 954.7 955.4 962.3 976.3 
8 946.9 947.8 955.9 968.5 
11 942.1 943.3 952.5 965.0 
Air dried 938.7 939.5 947.3 961.0 
Final Moisture Determination 
Treatment; 16 hr - 9^oO. ?0 In. Hg vacuum (gage) 
Box number 
6 7 
a-x*oss weight (grains) 51.670 53'652 
Final wel^t (grams) ^^9-39^ 51 OH 
Tare box (grams) 24.511 25.015 
Dry solid (grams) 2^1-.883 28.637 
Water removed (grams) 2.276 2.3^^1 
Grams H9O ^ ^ „ 
° foam pi O-"®" O-O®" 
lOS"* 
Drying Rate Experimental Data 
Barometer: 
Sample; " 
29.08 in. Hg 
Corn 
Average air inlet temperature 
Average exit air velocity; ~ 
Outlet area; 0.353 sg ft 
Average exit air temperature: 
Average air supply temperature; 
Average air supply temperatnre;_ 
lio 
1^7 
IW 
Date: Anril 23. 1951 
Run mi Ts 
op 
1590 fpm (Traverse) 
Op 
I^F (Dry bulb) 
22 bulb) 
Time 
hours 
Gross sftmT)le veitrht - grama 
1 2 3 4 
0 1043.5 1029.6 1046.3 1045.5 
h 1008.5 993.1 1012.9 1008.7 
1 992.1 978.4 997.0 993.6 
2 976.9 961.3 980.6 977.8 
3 967.5 953.3 973.^ 969.1 
5 957.4 943.0 963.7 960.3 
7 953.3 937.4 959.4 955.2 
9 949.8 93^.2 955.6 951.7 
11 947.5 931.8 953.1 949.2 
Air dried 952.1 936.1 957.8 95^.6 
Final Moisture Determination 
Treatment; 16 hr ~ 95°C. 30 in. Hg vaouum (gage) 
Q-roas weight (grams) 
Final v/eight (grams) 
Tare box (grams) 
Dry solid (grams) 
Vv'ater removed (grams) 
^ Grams H2O 
ftram D3 
Box number 
1 2 
47.958 /+7.?>90 
46.27^ 45.965 
24.430 24.516 
21.844 21.449 
1.684 1.725 
0.0769 0.0800 
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Drylnp: Rate Experimental Data 
Barometer;, 
Sample: 
29.2^ In. Hg 
Corn 
Average sir iniet teniperature:^^^ 
Average exit air vgloclty; 
Outlet area; 0.353 eq ft ' 
Averafre exit air temperature; 
Average air supply temperature:, 
Averajje air supply temperature:' 
92 
nil 
Dat e: _Anrll__2^1951 
Run Nol 16 
Qy 
fpra (Traverse) 
.51 _OF 
OF (Dry bulb) 94 
_0F (Wet bulb) 
Time Q-ross sample velRlit - p:rams 
hours 1 2 3 4 
0 1014.8 1006.5 1025.1 1014.5 
•? 996.2 984.8 1005.0 993.2 
1 988.8 975.6 996.3 983.1 
2 978.8 964.0 985.1 973.3 
3 970.8 957.2 976.7 965.1 
5 962.0 945.5 965.2 954.1 
8 953.5 936.1 957.0 944.6 
11 949.3 930.1 951.0 939.6 
14 947.1 929.1 949.5 938.1 
Air dried 938.2 918.9 940.0 927.8 
Final Moisture Determination 
Treatment ; 16 hr - 95®C. ?0 in. vacuum (prapre) 
G-rosa weight (grams) 
Final wei^t (grams) 
Tare box (grams) 
Dry solid (grama) 
V/ater removed (grams) 
(Jrams H2O 
&rELm DS"" 
Box 
3 
number 
4 
52.525 55•446 
49.789 52.456 
24.140 24.592 
25.649 27.864 
2.736 2.990 
0.1062 0.1071 
no-
Drying Rate Exuerlmentel Data 
Barometer; 28«9^ In. Hg Date; Anrll 29. 1951 
Sample; Oorn Run No; 17 
Averap:e air inlet teg-nerature; 120 
Averp-K® exit air velocity; 1595 fpm (Traverse) 
Outlet area; 0.3.53 ao ft 
Average exit air t&mijerature; 118 
Average air supply temperature; 130 (Dry "bul"b) 
Average air aupply tem-peratiire; b6 °F (V/et bulb) 
Tine G-ross samnle vielp-ht - p;ram8 
hours 1 2 3 5-
0 1017.6 1003.5 1021.2 1014.3 t 
s' 983.0 967.3 969.0 981.9 
1 970.1 955.^1- 976.2 970.6 
2 9.53»5 938.0 958.6 953.^ 
3 9^3-6 928.9 9^^9.6 9^3.8 
5 932.0 918.7 937.7 932.6 
7 925.5 910.1 930.5 926.9 
10 921.8 907.5 926.9 922.3 
12 920.0 905.5 925.0 920.3 
Air dried 915.9 900.1 921.0 916.1 
Final Moisture Determination 
Treatment; 16 hr - 95^C. 30 in. Hg vaouum (gage) 
CJroas weight (grams) 
Final vreldit (grans) 
Tare tox Tfframa) 
Dry solid Tgrama) 
V/ater removed (grama) 
^ Q-rame HgO 
G-ram DS 
Box number 
C D 
51.0^2 50.854 
48.543 48.349 
24.261 24.305 
24.180 24.044 
2.499 2.505 
0.1031 0.1039 
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Drying Rate Experimental Data 
Barometer; 29.04 in. Hg Date: Hay 1. 1951 
Sample: Corn Run No: 18 
Average air inlet temperature: 120 
Average exit air velocity; 1000 
op 
fpm (Traverse) 
Outlet area; 0.353 so ft 
Average exit air temperature: 118 
Average air supply temperature: 126 
Average air supply temperature; 74 
Op 
op (Dry bulb) 
op (v/et bulb) 
Time Gross sample weight - grams 
hours 1 2 3 4 
0 
1 
2 
Ih 
li-i 
141-
1013.9 
972.1 
947.5 
906.5 
881.3 
852.2 
839.8 
821.8 
813.5 
808.6 
1001.5 
960.0 
934.0 
894.8 
870.0 
841.9 
830.6 
811.6 
803.8 
798.7 
1012.8 
973.5 
948.3 
908.6 
882.9 
853.2 
840.8 
822.4 
813.4 
808.6 
1016.1 
973.6 
948.1 
907.7 
882.1 
854.0 
841.4 
824.3 
816.2 
811.3 
Air dried 808.7 798.0 807.7 810.7 
Flrxal Moisture Determination 
Treatment; 16 hr ~ 30 in. Hg vacuum (gage) 
Gross weight (grams) 
Final weight (grams) 
Tare box (CTams) 
Dry solid (grams) 
Water removed (grams) 
„ Grams H2O 
aram DS 
Box number 
A B 
49.679 51.528 
47.307 49.105 
24.048 24.514 
23.259 24.591 
2.372 2.423 
0.1018 0.0986 
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Drying Rate Exijerinieiital Data 
Barometer: 29,lA. Hp; Date: May 3. 1931 
Sample: Corn P.un No: 19 
Averapre air inlet temperature: i ;>o 
AverRfi:e exit air velocity: .ri80 inm (Ti'a verse) 
Outlet area: sa ft 
Op Average exit air temperature: IIS 
Averaft-e air supply temperature: I'.f) (Dry bulb) 
Average air supply temperature: 75 OF (i'/et bulb) 
Time G-roos sample weiglit - grams 
hours 1 2 J 4 
0 1025.9 1013.0 1025.8 1027.6 
s" 978.0 967.7 979.6 980.2 
la- 929.5 920.2 929.3 931.1 
695.2 888.3 894.6 896.5 
k 863.0 856.? 863.3 864.4 
5% 844.5 838.7 845.3 845.8 
8 829.5 820.0 830.0 830.6 
10? 821.3 811.8 823.1 823.1 
I3i 812.9 803.2 8I5.O 814.4 
Air dried 8I7.3 806.7 819.3 818.9 
Final Moisture Determination 
Treatment; 16 hr 9^QG. 30 in. Hg vacuum (gage) 
Box number 
G-roas vieight (grams) ^^'9'505 ^?.^21 
Final weight (graraa) ^6.989 ^5'190 
Tare box Tgraras) 2^.511 25.015 
Dry solid (grama) 22.476 20.175 
V-ater removed (grams) 2.516 2.23I 
Q-rams HoO 
0 Oram ris 
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Dryinjr Rate Experimental Data 
Barometer:, 
Sam-oie: 
29«02 in. Hg Date: 
Corn 
Hay k. 
Average e.ir inlet temperature 
Average exit air velocity:^ 
Outlet area: 0.15? sq ft 
Average exit air temperature: 118 
Average air supply temperature:. 
Average air supply temioerature:' 
Run No: 
oy 
fpm (Traverse) 
1951 
130 °F (Dry bulb) 
(Wet bulb) 
Time 
hours 
Gross sample vrei^ht - grams 
1 2 3 4 
0 1028.0 1028.0 1028.0 1028.0 
IC 984.3 875.2 984.2 984.8 
1 958.4 849.6 956.6 960.2 
2 914.2 905.6 912.6 918.4 
3 882.8 874.2 881.1 887.7 
h 865.4 857.3 864.2 870.4 
6 843.1 835.1 843.2 846.4 
8 832.4 824.8 831.2 834.2 
11 823.4 817.7 823.4 825.9 
14 817.6 812.0 817.0 818.9 
Air dried 819.2 811.3 818.2 820.0 
Final Moiature Deterjninatlon 
Treatment: l6 hr - 90°0. 30 in. Hg vacuum (gage) 
G-rosB vroi,cJit (grams) 
Final v/elRlit (grams) 
Tare box (grams) 
Dry solid (grams) 
v/ater removed (grams) 
^ G-rams H2O 
Gram DS ' 
Box 
5 
number 
8 
50. C70 53.725 
47. 639 50.895 
24. 024 24.445 
23. 615 26.440 
2. 331 2.830 
0. 0987 0.1062 
Drying Rate Experimental Data 
Barometer: 29.08 in. Hg Date; May 6. 1951 
Sample; Oorn Run Mo: 21 
Ave'r&K^e ?-.lr Inlet tenneraiure: 120 
Aver&i:;;e exit air valoolty: 1590 ifpm (Traverse) 
Outlet area; 0.353 aq ft 
Average exit air temperature 118 
Average ?.ir supply teratjeratuve; 125 °F (Dry bulb) 
Average air supply temperature: 95 °F (l^et bulb) 
Time 
hours 
Gross samole velsht - i^raois 
1 2 3 
0 1016.2 1003.8 1017.2 1018.5 
975.3 987.5 988,2 
1 975.5 96^.2 976.5 976.5 
2 959.1 9^8.7 961.2 960.8 
3 950.5 938.^ 950.2 952.1 
5 939.1 925.2 9^1.3 9^0.0 
7 932.0 919.9 933.8 933.2 
9 928.^ 916.3 928.5 929.6 
11 925.9 913.1 926.7 926.it 
13 923.8 910.6 925.5 924.3 
Air dried 903.2 890.7 90i<-.0 90k. 3 
Final Moisture Determination 
Treatment: 16 hr - 95^0. 30 in. HP: vsouum (gage) 
Gross weight (grams) 
Final v;el^it (grama) 
Tare box (grama) 
Dry solid (grams) 
u'ater removed {grajas) 
Q-r&ms HoO 
0 ^ Qram D3 
Box number 
0 D 
5k'^33 55.297 
52,6kl 53.'^52 
24.261 24.305 
28.380 29.147 
1.792 1.845 
0.0631 0.0633 
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Drylng Rate Experimental Data 
Barometer; 
Sample: 
29.0*^ in. Hg 
Soybeans 
Dat e: June 1. 1951 
n ^ 
Average air inlet temper^ure; 120 
Average exit air velocity; 1610 
Run No: 
oj« 22 
Outlet area; 0.353 aq ft 
Average exit air temperature; 118 
Average air supply temperature:. 
Average air supply temperature;^ 
_fpm 
Op 
(Traverse) 
123 Op (Dry bulb) 
20 (Wet bulb) 
Time 
hours 
G-roas sample weight - grama 
1 2 3 4 
0 972.1 955.3 964.9 969.4 
93^.8 920.2 930.0 932.2 
1 920.4 906.5 915.7 918.6 
Z 906.0 892.5 901.2 904.0 
3 896.9 884.2 891.4 895.5 
889.8 875.2 884.0 886.8 
?! 877.4 865.6 875.3 876.6 
10 874.9 862.5 871.3 872.5 
13 871.8 859.4 867.9 869.4 
Air dried 860.9 848.0 856.7 860.0 
Final Moisture Determination 
Treatment: 17 hr - 95^0. 30 in. Hg vaouum (gage) 
(S-rosa weight (grams) 
Final weight (grams) 
Tare box Tgrams) 
Dry solid (grams) 
v/ater removed (grams) 
Grams HgO 
^ aram DS 
Box niunber 
2 4 
51.510 48.910 
49.761 47.312 
24.516 24.592 
25.245 22.720 
1.749 1.598 
0.0693 0.0702 
